Abstract Rituximab (RTX) is a new steroid-sparing therapy for childhood steroid-dependent nephrotic syndrome (NS). However, relapses frequently occur immediately after CD19 recovery. We report the cases of two steroid-dependent NS patients treated with RTX followed by mizoribine (MZB). One patient relapsed, and the other developed proteinuria after CD19 recovery until the MZB was replaced by mycophenolate mofetil. These patients exhibited different lymphocyte phenotypes, with the CD4?/CD8? profile favoring CD8? T lymphocytes, while CD3? HLA-DR-expressing activated T lymphocyte expansion occurred in the relapsed patient. Based on these findings, we suggest that T cell activation may influence outcome and that phenotypic analysis in addition to B cell monitoring may facilitate the detection of NS relapse.
Introduction
Approximately 80 % of children with an initial episode of idiopathic nephrotic syndrome (NS) have minimal change disease and respond to steroid therapy. However, the remaining 20 % do not respond and are considered to be steroid-resistant [1] . Of the children with steroid-sensitive NS, 50-60 % have frequent relapses of steroid-dependent NS (SDNS) on follow-up. The treatment of children with SDNS and steroid-resistant NS (SRNS) is challenging and often requires treatment with immunosuppressants, such as cyclophosphamide (CPM), cyclosporine A (CsA), tacrolimus, mizoribine (MZR), and mycophenolate mofetil (MMF) [2, 3] . Although useful, treatment with steroids, CsA, or both is associated with significant side effects, such as growth retardation, cataracts, osteoporosis, hypertension, and nephrotoxicity.
The monoclonal anti-CD20 antibody rituximab (RTX) is a novel therapy for childhood SDNS [4] [5] [6] [7] [8] . Significant decreases in the frequency of relapse, period of steroid use, and steroid dosages have been documented in patients following RTX administration. However, NS relapse frequently occurs a few months after CD19 recovery [4] [5] [6] [7] [8] , leading to the proposal that maintenance therapy with an immunosuppressant, such as MMF, is required to prevent relapse after RTX therapy [4] .
Although the etiology of idiopathic NS remains obscure, a role for the immune system is strongly suggested. T cells in particular have a major function in NS pathogenesis [9] [10] [11] [12] [13] . RTX is effective in treating NS, but the mechanism by which RTX has its effects on NS, the changes that occur in lymphocyte phenotypes during RTX therapy, and the underlying cause of the relapse with B cell recovery after RTX therapy are also still unknown.
Here, we present the cases of two patients with SDNS who were treated with RTX. One patient had a relapse, whereas the other exhibited a transient increase in proteinuria after RTX therapy. We describe the clinical courses of these patients and show the distinct lymphocyte phenotypes during NS relapse with B cell recovery after RTX therapy.
Case reports

Case 1
A Japanese girl was diagnosed with idiopathic NS at age 5 years. Renal biopsy at diagnosis showed minimal change disease. Successful treatment was accomplished with standard prednisolone (PSL) therapy (60 mg/m 2 /day, 4 weeks). The first relapse occurred after the PSL dosage had been reduced [60 mg/m 2 /alternate day (AD)]. She responded again to steroid treatment, but a second relapse occurred after the PSL dosage had once again been reduced. Treatment with MZR (300 mg/day) was initiated; however, complete remission could not be achieved and the disease subsequently became steroid-dependent. Treatment with CsA was started, but as the patient developed headaches and nausea, CsA was replaced with tacrolimus. However, the patient then developed diarrhea and palpitations. Treatment with low-density lipoprotein apheresis was added to the therapeutic regimen, but the reduction in proteinuria was transient. Despite immunosuppressive therapy with steroids and these immunosuppressive drugs, multiple relapses occurred. We therefore decided to treat the patient with RTX.
Treatment with intravenous infusion of RTX (375 mg/m 2 ) was initiated ( Fig. 1) . Approval for the off-label use of RTX was obtained from the institutional review board at Kanazawa University, and written informed consent was obtained from the patient's parents. No adverse events were observed. Maintenance therapy with MZR was continued. One week after the initiation of RTX therapy, the B cell count in the peripheral blood dropped to 0 %. Within 3 months of RTX therapy, the patient was stable, without NS relapse, and the PSL dosage could be reduced to 10 mg AD. However, 4 months after RTX therapy, NS relapse occurred immediately after B cell recovery. Methylprednisolone pulse therapy (0.5 g/day, every 2 weeks) was initiated; however, significant proteinuria continued. Complete remission was achieved after MZR was replaced with MMF (1,000 mg/day). She has had no relapses for 21 months under the treatment regimen with PSL (30 mg AD) and MMF (1,000 mg/day).
Case 2
A Japanese boy was diagnosed with idiopathic NS at age 2 years. Treatment with a standard PSL regimen (60 mg/ m 2 /day, 4 weeks) was ineffective, and SRNS was diagnosed. Renal biopsy showed focal segmental glomerulosclerosis. Treatment with CPM was started; however, complete remission could not be achieved. The patient responded to CsA, but frequent relapses occurred after the PSL dosage was reduced, and he became steroiddependent. Treatment with MZR was added to the regimen; however, his steroid dependency remained unchanged. At age 17 years, follow-up renal biopsy showed focal segmental glomerulosclerosis and cyclosporine toxicity. Despite immunosuppressive therapy with steroid and these immunosuppressive drugs, multiple relapses occurred. We therefore decided to treat the patient with RTX.
RTX was intravenously infused (375 mg/m 2 ) once weekly for 2 consecutive weeks (Fig. 2) . Approval for the off-label use of RTX was obtained from the institutional review board at Kanazawa University, and written informed consent was obtained from the patient's parents. No adverse events were observed. Maintenance therapy with MZR was continued. One week after the initiation of RTX therapy, B cell count in the peripheral blood dropped to 0 %. Within 6 months of RTX therapy, the patient was stable without NS relapse. PSL and CsA dosages were decreased to 10 mg AD and 120 mg/day, respectively. However, 7 months after RTX therapy, proteinuria increased following CD19 recovery. Complete remission was achieved after the MZR was replaced with MMF (1,500 mg/day). PSL and CsA could be completely discontinued, and he has had no relapses for 18 months under the MMF treatment regimen (1,500 mg/day).
Alteration in peripheral blood markers during CD19 recovery
In case 1, the total number of T cells decreased, and an imbalance in the CD4?/CD8? distribution in favor of CD8? T lymphocytes and expansion of CD3? activated T lymphocytes expressing HLA-DR was observed during NS relapse after the recovery of CD19? B cells (Table 1) . These findings were consistent with those observed in NS relapse before RTX therapy in this patient, and they improved in remission. In contrast, these changes were not observed in case 2.
Discussion
We have presented the case reports of two patients with refractory NS who were treated with RTX. One patient had a relapse, whereas the other exhibited a transient increase in proteinuria following RTX therapy. We have also shown the distinct lymphocyte phenotypes during NS relapse with B cell recovery after RTX therapy.
The etiology of idiopathic NS remains obscure; however, a role for T cells with the release of a circulating factor is strongly suggested [9] . There have been many reports recently of the steroid-sparing effect of RTX in NS [4] [5] [6] [7] [8] , suggesting that not only T cells but also B cells may play a role in the pathogenesis of NS. The mechanism of RTX action in NS treatment is also unclear. However, a number of hypotheses have been proposed, including suppression of T cell activation by the blocking of T cell-B cell interactions and the induction of regulatory T cells [14, 15] .
One important issue related to RTX treatment is that relapses occur frequently a few months after the recovery of B cells. It has been reported that a single infusion of RTX can delete B cells for only about 5 months [4] [5] [6] [7] [8] . Thus, the establishment of a proper treatment protocol, such as the number of RTX infusions, timing of the introduction of RTX, and how to taper the PSL dose, is desired. Maintenance therapy is also an option to prevent relapses after RTX treatment. In case 1, maintenance therapy consisted of MZR, and the patient relapsed 4 months after RTX treatment. In case 2, maintenance therapy consisted of CsA and MZR, and while the patient did have increased proteinuria, the switch from MZR to MMF induced complete remission. These findings indicate that MMF might be effective for the maintenance therapy of NS after RTX treatment as Ito et al. [4] reported. The immunosuppressive effects of MMF and MZR result from antipurine metabolite actions. Both of these drugs inhibit inosine monophosphate dehydrogenase (IMPDH), which plays an important role in the de novo synthesis of guanosine nucleotides in T and B lymphocytes. MMF is an ester prodrug of the active immunosuppressant mycophenolic acid (MPA). MPA is an uncompetitive and reversible inhibitor of IMPDH, whereas the phosphorylated form of MZB, mizoribine-5 0 -monophosphate, is a competitive inhibitor of IMPDH. One of the differences between MMF and MZB in terms of clinical effectiveness might result from their different mechanisms of action. Another possibility is that the serum concentration of MZR in our patients might not have reached an effective level. High-dose MZB therapy has recently been reported to be effective as a maintenance therapy for SDNS [16, 17] . Further study is necessary to determine the optimal dose of MZB for patients with SDNS.
Activated T cell activation might be associated with the relapse of NS [10] [11] [12] [13] . A number of studies have revealed an imbalance in the distribution of CD4? T cells/CD8? T cells in favor of CD8? T cells and the expansion of the CD4? and CD8? memory T cells that express the CD45RO marker during NS relapse [10] [11] [12] [13] . B cell expansion was also recently reported during NS relapses [18] . We previously reported that RTX could suppress T cell activation in a patient with recurrence of focal segmental glomerulosclerosis after renal transplantation [15] . Interestingly, T cell activation was observed in our patient (case 1) with NS relapse after the recovery of B cell, whereas this phenomenon was not observed in our patient (case 2) without NS relapse. It is difficult to determine whether T cell activation is a cause or consequence of NS relapse. However, our results strongly suggest that T cell activation in cooperation with the recovery of B cell might be associated with NS relapse after RTX treatment. Our results also suggest that RTX can suppress T cell activation in patients with NS by blocking T cell-B cell interactions.
In conclusion, based on our results, we suggest that T cell activation might play an important role in NS relapse after RTX treatment. The monitoring of not only B cell counts but also phenotypic analysis of T cells may be useful tools by which to detect NS relapse after RTX treatment.
